Purpose The purpose of this study was to investigate whether early CT scans are useful for improving the clinical management of acute biliary pancreatitis.
INTRODUCTION
Acute pancreatitis is a common cause of gastrointestinal disease and associated hospital admissions (1) . The incidence of acute pancreatitis varies between 4.9 and 73.4 J Korean Soc Radiol 2019;80(4):704-716 cases per 100000 (2) (3) (4) , and acute pancreatitis accounts for 1.9-2.5% of patients visiting emergency departments (EDs) for abdominal pain (5, 6) . In EDs, the role of advanced imaging has recently increased substantially to enhance diagnostic accuracy and facilitate treatment planning. Between 1996 and 2007, the use of computed tomography (CT) in EDs increased from 3.2% to 13.9%, which represented the highest growth rate for CT use (7) . However, along with the increasing number of CT scans, unnecessary CT scans cause hospital costs and radiation exposure to patients to escalate. Therefore, it is important that CT examinations are used appropriately, to minimize unnecessary costs and risks, and improve diagnostic accuracy in EDs.
The diagnosis of acute pancreatitis requires at least 2 of 3 features: typical abdominal pain (epigastric, radiating to the back), elevated serum lipase or amylase, at levels at least 3 times greater than the upper limit of normal, or findings of acute pancreatitis on contrast-enhanced CT or magnetic resonance imaging (MRI) (8, 9) . The role of CT in patients with acute pancreatitis provides over 90% sensitivity and specificity for the diagnosis (10) . CT scanning of acute pancreatitis is usually recommended after the first 48-72 h, and the utility of early CT less than 48 h remains controversial (11) (12) (13) (14) (15) . As complications may develop after the early period, and early CT may underestimate the degree of necrosis (11) , early CT for acute pancreatitis is not routinely recommended (10) . However, when patients visit EDs, physicians usually perform CT scans as early as possible, rather than waiting 48-72 h after the onset of an acute pancreatitis attack. The benefit of an early CT scan in EDs may be evaluated if its role in changing patient management strategies or facilitating urgent procedures can be established.
The most common causes of acute pancreatitis are excessive alcohol consumption and gallstones (16) . Although patients with alcoholic pancreatitis are managed with conservative treatments, patients with biliary pancreatitis require biliary stone removal or cholecystectomy.
Thus, the cause of acute pancreatitis affects the treatment plan for the patient. In acute pancreatitis with biliary obstruction, early diagnosis in an ED may be associated with a higher chance of endoscopic retrograde cholangiopancreatography (ERCP), resulting in stone removal and a favorable patient prognosis (i.e., prevention of recurrent attacks and potential biliary sepsis) (13) . Abdominal ultrasound is useful for diagnosing gall bladder (GB) stones in patients with acute pancreatitis, but has limited value in the evaluation of obese patients, common bile duct (CBD) stones, or cholangitis (17) . Contrast enhanced CT is a fast, useful modality for evaluating biliary obstructions in EDs, and may be applied to unstable patients; conversely, MRI scans are time-consuming (i.e. 30 minutes) and costly. Therefore, the purpose of this study was to investigate whether early CT scans are useful for improving the clinical management of acute pancreatitis. 
MATERIALS AND METHODS

SUBJECTS
CT TECHNIQUE
Abdominal CT scans were performed on 64-channel multi-detector CT scanners (Somatom Definition Edge, Siemens Medical Systems, Erlangen, Germany). Unenhanced-phase scans, from the liver dome to the iliac crest, were acquired first. Subsequently, contrast-enhanced scans, from the liver dome to the iliac crest or symphysis pubis, were acquired with single (portal), dual (arterial and portal), or triple (arterial, portal, and equilibrium) phases. Scans were obtained using a bolus-tracking technique (i.e., 15-25 s after the attenuation of the aorta at the thoracolumbar junction had reached 100 Hounsfield units), a fixed 72-s delay, and a fixed 180-s delay, after intravenous injections of 1.5 mL/kg of iomeprol, up to a maximum dose of 120 mL (Iomeron 300, Bracco S.p.A., Milan, Italy). The injection rate was 4 mL/s, using a power injector. The slice thickness was 3-5 mm.
CT IMAGE ANALYSIS
CT images were retrospectively reviewed by 2 abdominal radiologists (S.H.P, Y.S) with 5 and 6 years of clinical experience in performing abdominal CT with consensus who were blinded to the patients' information. Findings of pancreatitis, local complications, and biliary pancreatitis were recorded based on structured report (Table 1): 1) absence or presence of acute pancreatitis, 2) etiology of acute pancreatitis (biliary vs. nonbiliary), 3) the radiologists also described the presence of biliary sludge and/or stone, GB sludge and/or stone, GB wall thickening, transient hepatic attenuation difference (THAD), CBD wall thickening, and dilatation (> 10 mm in diameter) of CBD and scored the probability of biliary pancreatitis using a four-point scale modified from the previously described reports (17, 18) (Table 1 ). In terms of binary interpretation of etiology, where scores ≥ 2 of four-point were taken as biliary pancreatitis-positive, based on a literature review (17, 18) and our own preliminary CT review from October 2014 to January 2015. 
URGENT PROCEDURE FOR PANCREATITIS
Urgent clinical management included ERCP within 72 h after early CT scans was assessed in acute pancreatitis patients. The presence of any of the following was evaluated: endoscopic sphincterotomy (EST), interposition of biliary stent, and stone removal from the CBD or pancreatic duct. We recorded the time interval between the CT scan and the procedure in each patient.
MORPHOLOGICAL FEATURES OF ACUTE PANCREATITIS
Morphological features of acute pancreatitis were classified as interstitial edematous pancreatitis or necrotizing pancreatitis, based on the presence or absence of necrosis, after reevaluating CT 7 days after admission (8, 19) . If the patients did not have re-evaluation CT, the feature was classified as based on initial early CT. 
STATISTICAL ANALYSIS
RESULTS
CLINICAL CHARACTERISTICS
A total of 56 patients with acute pancreatitis were included. Patients' clinical characteristics groups based on gold standard. There were no significant differences in the Ranson's criteria or BISAP scores on admission between the 2 groups (p = 0.28 and p = 0.81, respectively).
AST levels were significantly higher in the biliary than in the non-biliary pancreatitis group 
CT IMAGING FINDINGS
Of 56 patients, 54 (96.4%) showed acute pancreatitis on CT. Although 2 patients had typical abdominal pain and significantly elevated serum amylase, they showed normal pancreatic features on CT (Table 3 ).
In terms of the etiology of the pancreatitis, 23 (41.1%) had biliary pancreatitis and 33 (53/56), respectively. Three patients were incorrectly assessed on CT, constituting 2 false-neg- atives and 1 false-positive. The 2 false-negatives ( Fig. 1) were scored as 1, showing only 1 positive finding (mild CBD wall thickening); however, there was a large amount of GB sludge on endoscopic ultrasound (EUS), and they were finally confirmed as having biliary pancreatitis.
The 1 false-positive was scored as 2, showing mild GB wall thickening, and a high-density lesion in the distal CBD on non-enhanced CT, suggestive of CBD sludge; however, there was no sludge on EUS. CBD wall thickening (15/24, 62.5%) was the most common finding of biliary pancreatitis, while GB wall thickening (12/24, 50.0%) was the second most common finding (Table 4 ). Five patients had CBD stones (Fig. 2 ) and 1 patient had suspected CBD sludge on CT.
Eleven patients showed dilated CBD. Eight showed GB stones with GB wall thickening and THAD indicative of acute cholecystitis (Fig. 3 ). Five patients with GB wall thickening and THAD without GB stones on CT underwent EUS (4 patients) and abdominal US (1 patient), and were finally diagnosed with GB stones.
URGENT PROCEDURE FOR PANCREATITIS
There was a significant difference in the urgent procedures used between non-biliary and (Table 5 ). (20) . In Korea, the annual incidence is between 15.6-19.4 cases per 100000 people and a ratio of gallstone to alcohol etiology of about 1.1 (21) .
Diagnosis of acute biliary pancreatitis is crucial because patients with biliary pancreatitis require different management from those with non-biliary pancreatitis. In the literature, serum biochemical markers, such as AST, ALT, ALP, and total bilirubin, are correlated with biliary pancreatitis and CBD stones (22) (23) (24) . ALT is known to be useful in differentiating biliary pancreatitis from other causes of pancreatitis with high specificity but low sensitivity (18) . In our study, AST and ALT were significantly higher in the biliary group than in the non-biliary pancreatitis group. Our results also showed that AST, ALT, and ALP have relatively high speci- respectively) in our study. Several patients had radiolucent biliary stones and small amounts of biliary sludge during ERCP (i.e., invisible biliary sludge on CT). A study of choledocholithiasis on CT has reported moderate sensitivity (60-87%) and high specificity (97-100%) (25) (26) (27) and is known as a weak point of the CT scan. However, the combination of 2 or more of the findings, i.e., biliary sludge and/or stone, GB sludge and/or stone, GB wall thickening, THAD, CBD wall thickening, and dilatation of CBD complement the relatively low detection rate of choledocholithiasis on CT for the diagnosis of biliary pancreatitis. Data are presented as number (%) unless indicated otherwise. *Urgent ERCP within 72 h of early CT were assessed in acute pancreatitis patients. CBD = common bile duct, ERCP = endoscopic retrograde cholangiopancreatography
